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In horse breeding, intracytoplasmic sperm injection (ICSI) has gained interest to obtain 
offspring from subfertile individuals. This paper presents a case report of a stallion 
with severe testicular degeneration. Semen analysis showed very low motility and 
83.5% of detached heads. Histology of a testicular biopsy showed severely decreased 
spermatogenesis, while transmission electron microscopy of the sperm cells revealed 
no significant abnormalities. A total of 39 oocytes were fertilized by ICSI with frozen-
thawed spermatozoa of this stallion: 25 oocytes with intact spermatozoa and 24 with 
detached heads. When using intact sperm cells, 8 out of the 25 oocytes cleaved, and 
1 developed to the blastocyst stage 9 days after ICSI. None of the oocytes injected 
with a detached sperm head cleaved. Studies on the paternal influence on ICSI out-
come are limited in the horse and further research is needed to define which stallion 
factors may influence ICSI results. Here, we report the possibility to produce a blasto-
cyst by ICSI of a stallion suffering from testicular degeneration with a poor spermio-
gram, as long as an intact sperm cell containing a centriole is selected.
1 | INTRODUCTION
In human reproduction, intracytoplasmic sperm injection (ICSI) is 
the treatment of choice for many types of male infertility. In horse 
breeding, ICSI has also gained interest to obtain offspring from sub-
fertile individuals. This paper describes the production of a blastocyst 
via ICSI with semen from a stallion presented with severe testicular 
degeneration.
2  | CASE HISTORY
A 21- year- old warmblood stallion was presented for semen cryo-
preservation. The breeding history of the stallion was limited to a re-
cord of “a few pregnancies”. The stallion was in good general health 
and showed no signs of illness.
The stallion exhibited good libido, and semen was collected in 
an artificial vagina. Analysis of four ejaculates collected over 3 days 
showed total sperm numbers of 0.4 to 4 billion, with 2% to 13% 
motile sperm and 0% to 1% progressively motile sperm (Table 1). 
Morphological evaluation (E/N staining) revealed 12.5% normal sper-
matozoa, with a prominent amount of detached heads (83.5%).
The right testicle was absent. The left testicle was firm and irregu-
lar in shape. Ultrasound examination confirmed the irregular testicular 
shape, which changed when gentle pressure was applied, and het-
erogeneous parenchyma. Subsequent histology of a testicular biopsy 
showed severely decreased spermatogenesis with only a few heads 
and tails of spermatozoa in the tubuli seminiferi. A relative increase 
in Leydig cells and proliferation of fibroblasts surrounding the tubuli 
seminiferi were present (Figure 1).
Transmission electron microscopy of the sperm cells (4th ejac-
ulate) revealed no significant abnormalities; special attention was 
paid to the basal plate and microtubule and centrosome configura-
tion. Longitudinal sections through the sperm heads showed normal- 
appearing nuclei, implantation fossas and basal plates (Figure 2). Both 
longitudinal and transverse sections of the tails appeared to be normal.
Despite the poor semen quality, the owner insisted to freeze an 
ejaculate and therefore the third ejaculate was frozen as described ear-
lier using a single- layer colloid centrifugation (Hoogewijs et al., 2011) 
with slight modifications; semen was resuspended after centrifugation 
to achieve a final dose of 20 × 106 spermatozoa per 0.5 ml straw.
Intracytoplasmic sperm injection was performed as described pre-
viously (Ortiz- Escribano et al., 2017) using in vitro matured oocytes 
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from slaughtered mares and piezo drill- assisted ICSI with a blunt 
pipette of 6 μm inner diameter. Frozen- thawed spermatozoa were 
washed in 5 ml of Ca2+- free Sperm- TALP (tyrode’s albumin- lactate- 
pyruvate) using centrifugation for 10 min at 450 × g. The supernatant 
was removed, and the sperm pellet was resuspended in 100 μl of Ca2+- 
free Sperm- TALP and kept at room temperature until used for ICSI. For 
ICSI, oocytes were held in separate 5 μl droplets of TCM199 (Hanks) 
containing 10% (v/v) FBS under mineral oil. Immediately before ICSI, 
a small volume of sperm suspension was added to a 5 μl droplet of 
this medium. Using micromanipulation, motile, intact sperm cells and 
detached heads were selected from this droplet and moved to another 
5 μl droplet containing 8% polyvinylpyrrolidone in PBS, where they 
were washed and immobilized by piezo pulses (speed: 4, intensity: 3) 
on the midpiece. In two replicates, a total of 49 oocytes were injected 
with frozen- thawed spermatozoa of this stallion: 25 oocytes with in-
tact, motile spermatozoa and, due to the low availability of intact sper-
matozoa, 24 with spontaneously detached heads. When using intact 
sperm cells, eight out of the 25 oocytes cleaved, and one developed to 
the blastocyst stage 9 days after ICSI (Figure 3). None of the oocytes 
injected with a detached sperm head cleaved. During manipulation of 
the spermatozoa, it was noted that the few intact spermatozoa were 
easily damaged and decapitated when piezo pulses were applied to 
immobilize the sperm cell. No ethical approval was required for the 
clinical examination of the privately owned stallion, nor for the work 
with slaughterhouse material.
3  | DISCUSSION
Based on the history, the spermiogram and biopsy, we conclude that 
the stallion had testicular degeneration. Degeneration is an irreversible 
process with a poor prognosis for future fertility using conventional 
TABLE  1 Semen analysis of four ejaculates of the affected stallion
Gel- free volume 
(ml)
Total amount spermatozoa 
(×106) Concentration (×106/ml) Total motility (%)
Progressive 
motility (%)
Day 1 a.m. 26 3,778.3 145.1 4 1
Day 1 p.m. 122 397.6 3.3 2 1
Day 2 200 1,995.7 10.0 2 0
Day 3 122 500.9 4.1 13 0
F IGURE  1 Histology of a testicular biopsy shows severely 
decreased spermatogenesis
F IGURE  2 Transmission electron microscopy of the sperm cells 
revealed no significant abnormalities
F IGURE  3 Blastocyst developed after ICSI with sperm from a 
stallion with testicular degeneration
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breeding techniques (Ball, 2008). However, the use of assisted repro-
ductive technology (ART) for spermatozoa from degenerated testes 
needs further research. Little research has been conducted to evaluate 
the paternal influence on ICSI outcome. Good results can be obtained 
in horses when fresh ejaculated or frozen- thawed motile spermato-
zoa are used (Choi, Love, Varner, & Hinrichs, 2006; Choi et al., 2002). 
Motile equine spermatozoa selected for ICSI produced blastocysts and 
pregnancies whether semen came from a fertile or subfertile stallion 
(Lazzari et al., 2002). In contrast, semen with an increased suscepti-
bility to chromatin denaturation led to a decline in blastocyst devel-
opment (Choi et al., 2006). Recently, an individual stallion effect on 
blastocyst percentage was reported (Choi et al., 2015; Galli, Colleoni, 
Duchi, & Lazzari, 2016); moreover, high in vivo sperm fertility does not 
guarantee high in vitro fertility (Galli et al., 2016).
In human medicine, ICSI is the treatment of choice in cases of 
male infertility (Oehninger et al., 1998; Palermo, Joris, Devroey, & 
Van Steirteghem, 1992). The spermiogram does not influence the ICSI 
outcome as long as normal shaped, motile spermatozoa were selected 
(De Vos et al., 2003; Lundin, Söderlund, & Hamberger, 1997; Mansour, 
Aboulghar, Serour, Amin, & Ramzi, 1995; Nagy, Verheyen, Tournaye, 
& Van Steirteghem, 1998; Oehninger et al., 1998; Taşdemir, Taşdemir, 
Tavukçuoglu, Kahraman, & Biberoģlu, 1997). However, injection with 
immotile or round- headed spermatozoa had a negative influence on 
fertilization rate but not on embryo quality (Nagy et al., 1998). Total 
teratozoospermia led to low implantation rates and high rates of early 
pregnancy losses, despite high fertilization and cleavage rates (De Vos 
et al., 2003; Taşdemir et al., 1997).
In human reproduction, a sperm abnormality called “easily decapi-
tated spermatozoa syndrome (EDSS)” is described (Kamal et al., 1999). 
The condition occurs in degrees varying from an apparently normal 
spermiogram but containing spermatozoa easily damaged during mi-
cromanipulation (Kamal et al., 1999) to semen samples with low motil-
ity (Gambera et al., 2010) or/and high frequency of teratozoospermia 
with many detached heads (Emery, Thorp, Malo, & Carrell, 2004; 
Saias- Magnan et al., 1999). The final diagnosis is made by transmis-
sion electron microscopy to demonstrate a defective basal plate and 
implantation fossa (Emery et al., 2004; Gambera et al., 2010; Kamal 
et al., 1999). Pregnancy loss occurred after ICSI and embryo transfer 
in two couples suffering from EDSS (Saias- Magnan et al., 1999). Later 
cases revealed that live birth is possible in EDSS when intact, motile 
spermatozoa are injected with the head and tail closely aligned (Emery 
et al., 2004; Gambera et al., 2010).
The stallion in this case showed a spermiogram with a majority of 
detached heads as well as easily damaged sperm during manipulation; 
however, we were unable to confirm that the stallion had a condition 
similar to EDSS by transmission electron microscopy, as no abnormal-
ities at the level of the basal plate were seen (Gambera et al., 2010; 
Kamal et al., 1999).
In our study, none of the oocytes injected with a detached 
head cleaved. In mice, fertilization and blastocyst rates were similar 
when intact or mechanically decapitated sperm heads were injected 
(Kuretake, Kimura, Hoshi, & Yanagimachi, 1996). In human, ICSI using 
decapitated sperm heads leads to pregnancy in the presence of normal 
centrosomes (Emery et al., 2004); the centrosome plays an active part 
in the first mitotic divisions but not in meiosis (Palermo, Colombero, 
& Rosenwaks, 1997). Also in horses, the centrosome is not necessary 
for normal meiosis but still crucial for normal embryonic development 
in the mitotic divisions (Li, Qin, Wilsher, & Allen, 2006). Centrosomes 
are located in the midpiece of the spermatozoon and essential for 
normal early embryonic development (Schatten & Sun, 2009). This 
might explain why in this case no blastocysts developed after ICSI 
with detached heads, but when an intact spermatozoon was injected 
a blastocyst developed. However, oocyte activation is triggered by a 
sperm- bound protein, phospholipase C zeta (PLCZ) (Swann, Saunders, 
Rogers, & Lai, 2006). In equine spermatozoa, PLCZ is located in the 
acrosome, equatorial segment, connecting piece between the head 
and midpiece, and the principal piece of the flagellum (Bedford- Guaus 
et al., 2011). Although injection of mechanically decapitated sperm 
heads induced normal [Ca2+]i oscillations (Bedford- Guaus et al., 2011), 
it is possible that in this case, PLCZ was lost following plasmamem-
brane rupture and therefore oocyte activation was hampered after 
ICSI with sperm heads only.
4  | CONCLUSION
Despite the poor spermiogram, it was still possible to produce a blas-
tocyst by ICSI of a stallion suffering from testicular degeneration. 
Although ICSI is a valuable tool to overcome male infertility in the 
horse, more research is needed to define which stallion factors may 
influence ICSI results.
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